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Edited by Takashi GojoboriAbstract The centromere is an essential structure in the chro-
mosomes of all eukariotes and is central to the mechanism that
ensures proper segregation during mitosis and meiosis. The com-
parison of DNA sequence motifs, organization and kinetocore
components from yeast to man is beginning to indicate that,
although centromeres are highly variable DNA elements, a con-
served pattern of sequence arrangement and function is emerg-
ing. We have identiﬁed and characterized the ﬁrst satellite
DNA (P.k.SAT) from microbat species Pipistrellus kuhli. The
presence of mammalian CENP-B box and yeast CDEIII box
could indicate the participation of P.k.SAT in centromere orga-
nization.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Most diﬀerences in genome composition and complexity re-
sult from repetitive DNA sequences that are organized as tan-
dem arrays (satellite DNAs) or interspersed repeats, ranging
from dinucleotides up to several kilobase pairs throughout
the eukaryotic genomes [1].
Several hypotheses have been oﬀered to explain the role of
DNA satellite, as in heterochromatin constitution, chromo-
some pairing and recombination, chromosome rearrange-
ments, three-dimensional organization of the interphasic
nucleus and gene ampliﬁcation events [2,3, among others].
Mammalian centromeres are typically composed of large ar-
rays of tandemly repeated DNA families and their associ-
ated protein [4]. The human centromere protein B (CENP-
B) is known to speciﬁcally bind a 17 bp sequence (the
CENP-B box), which is present in various subclasses of al-
phoid repeats covering almost all chromosomes [5]. It hasAbbreviations: bp, base pairs; CDEIII, centromeric DNA element III;
CENP-B box, centromeric protein-B box
q The nucleotide sequences of satellite monomers are available in
GenBank database under the Accession Nos. AY748819–AY748825
and AY850190–AY850192.
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doi:10.1016/j.febslet.2005.03.064been suggested that the CENP-B and CENP-B box interac-
tion may play a role in gathering up the long alphoid DNA
repeats in the centromere domain to make up regular higher
structure or hold sister chromatids after replication [6]. The
CENP-B box distribution within centromere sequences is
well documented not only in Homo sapiens, but also in
the centromeric satellite sequences of many species. With
the exception of the CENP-B box, there is little sequence
similarity between centromere satellite DNAs, tempting spec-
ulation that CENP-B box is a functionally important feature
of mammalian centromeres [4]. In this regard, based on the
available data of the sequence organization and kinetocore
components of centromeres from yeast to man, it has been
observed that the overall sequence organization amongst
centromeres from diﬀerent species is evolutionary conserved
[7].
Satellite DNA sequences have been well studied in almost
all mammalian groups, but these sequences and their func-
tions have been little investigated in bats, the second largest
mammalian order, which today includes 927 species classi-
ﬁed in two suborders: the cosmopolitan Microchiroptera
and the Megachiroptera of the Old World tropics [8]. The
family Vespertilionidae (suborder Microchiroptera) is the
largest family of bats: it includes 35 genera and 318 species
placed in several subfamilies, one of many is the subfamily
Vespertilioninae. Pteropodids are the only family of the
suborder Megachiroptera and they include around 166 living
species placed in approximately 42 genera (http://animaldi-
versity.ummz.umich.edu/site/accounts/information/Chiroptera.
html).
Bats possess a genome that is approximately 50–87% the
size of other eutherian mammalian genomes [9]. In this re-
gard, Pettigrew [10] proposed that the smaller genome in
bats is maintained by the higher metabolic rates associated
with ﬂying. In support of Pettigrews ‘‘ﬂying DNA’’ hypoth-
esis, Van Den Bussche et al. [11] have documented that the
events that have achieved or maintained the small genome
size in the bat Macrotus waterhousii have resulted in a lower
copy number of interspersed and tandemly repetitive ele-
ments. On the other hand, the existence of one or more fam-
ilies of repetitive DNA has been described in several bat
species [12–14].
Here we describe the isolation and characterization of the
ﬁrst satellite DNA from the microbat species Pipistrellus kuhli,
containing several CENP-B box-like and centromeric CDEIII-
like motifs. We also discuss the hypothesis around the
participation of our satellite in centromere organization and
function.blished by Elsevier B.V. All rights reserved.
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2.1. Animals and DNA extraction
DNA was extracted from sperm and somatic tissue (liver) in P.
kuhli male. Animals were collected in south Italy (Caserta). Sperm
DNA was prepared according to the method of Shiurba and Nandi
[15], whereas the liver was puriﬁed by the phenol/chloroform meth-
od according to Sambrook et al. [16]. DNA samples of Pipistrellus
pipistrellus, Myotis myotis, Pteropus scapulatus, Pteropus poliocepha-
lus and Pteropus alecto were provided by Dr. Antonio Sa´nchez of
Jae´n University (Spain).2.2. Cloning and sequencing
Five micrograms of genomic DNA of P. kuhli were digested with
HindIII, EcoRI, EcoRV, BamHI, HaeIII andMspI restriction endonu-
cleases (20 U/lg DNA). The fragments resulting from digestion were
run on 1.2% agarose gel. After gel electrophoresis, a prominent
1100 bp long band could be seen in DNA samples digested with EcoRI
and HindIII. The EcoRI band was puriﬁed with QIAquick Gel Extrac-
tion Kit (Qiagen) and ligated to the EcoRI site of pGEM3-vector. The
One Shot TOP10 competent cells (Invitrogen) were transformed with
the ligation reaction and the bacteria recombinants containing the se-
quence of interest were selected by colony hybridization, using the
EcoRI eluted band digoxigenin-labelled by random priming (Roche)
as a probe. The positive clones were sequenced in both directions using
an automated DNA sequencer (ABI PRISM 310, Applied Biosystems/
Perkin–Elmer).2.3. Southern zoo-blotting analysis
For Southern blot hybridizations, DNA samples of P. kuhli, P.
pipistrellus, M. myotis, P. scapulatus, P. poliocephalus and P. alecto
were digested with EcoRI and HindIII restriction endonucleases and
probed with the P. kuhli eluted band or pBAT5 clone (25 ng/mL of
digoxigenin-labelled DNA) at 65 C overnight. Hybridization and
detection were carried out according to the suppliers instructions
(Roche). These hybridization and detection conditions were the
same as those carried out for dot blot and DNA methylation anal-
ysis. Moreover, for ﬁlter hybridizations using the pBAT5 clone or
the other clones as probes the inserts had to be released by digestion
with EcoRI, puriﬁed by agarose gel electrophoresis and labelled by
random priming.2.4. Dot-blot analysis
The percentage of DNA satellite in P. kuhli genome was estimated
by dot-blot hybridization. DNA was vacuum blotted onto membranes
in a Bio-Rad dot blotting apparatus, dried and cross-linked to mem-
brane by exposure to ultraviolet light. Hybridization signals from six
diﬀerent amounts of pBAT5 insert (from 1 to 5 ng) were densitometric-
ally compared to the signals from six diﬀerent amounts of genomic
DNA (from 10 to 50 ng) with the Leica Q-Win program from Leica
Imaging Systems Ltd.2.5. Analysis of DNA methylation
Pipistrellus kuhli male DNA extracted from sperm and hepatic
tissue was completely digested with: (1) isoschizomeres MspI and
HpaII (both enzymes have the same target sequence, but HpaII
is unable to cleave 5 0-methylcytosine in the CpG dinucleotide of
the 5 0-CﬂCGG-3 0 site); (2) EcoRI enzyme, which deﬁnes the repeat
unit of P.k.SAT; (3) EcoRI/HpaII enzymes (double digestion).
Digestion fragments were separated on a 2% agarose gel, blotted
onto nylon ﬁlter using standard procedures and hybridized as de-
scribed previously to digoxigenin-labelled insert pBAT5 (25 ng of
probe/mL).2.6. DNA sequence analysis
Sequence data were analyzed and compared to the GenBank-NCBI
databases using the BLAST network service. Multiple sequence align-
ments were performed with the Clustal W (1.8) program [17] from the
DDBJ Homology Search systems (http://www.ddbj.nig.ac.jp). The tree
is calculated from the matrix using the neighbor-joining method [18]
and plotted with Phylip package [19].2.7. Analysis of DNA curvature
The consensus sequence of P.k.SAT was analyzed using a predictive
model of sequence-dependent DNA bending. The curvature is calcu-
lated as a vector sum of dinucleotide geometries (roll, tilt and twist an-
gles) using the BEND server algorithm of Goodsell and Dicherson [20]
(available at http://www2.icgeb.trieste.it/dna/bend_it.html). The values
of the curvature are expressed as degrees per helical turn (10.5/helical
turn = 1/bp) and the distribution of curvature is represented as dimen-
sional plots.
Retarded mobility was analyzed by electrophoresis on a 6% native
polyacrylamide gel run at 22 C as described by Bechert et al. [21].
For that purpose, about one microgram of the pBAT5 and pBAT46
clones was digested with EcoRI, whereas the pGEM3-vector was di-
gested with EcoRI and BglI to generate two 1639 and 1228 bp long
vector DNA fragments (additional markers). After the run, the gel
was stained for 30 min in an aqueous solution of ethidium bromide
(1 mg/L). The K factor (migration calculated length/sequenced length)
was determined with the molecular weight markers.3. Results and discussion
3.1. Detection and cloning of DNA satellite from P. kuhli
genome
Digestions of genomic DNA from P. kuhli with several
restriction endonucleases and further electrophoresis yielded
a prominent band corresponding to restriction fragments
approximately 1100 bp long in EcoRI and HindIII diges-
tions. The 1100 bp EcoRI band was cloned in pGEM3-vec-
tor. A portion of the eluted fragments was digoxigenin-
labelled and used as hybridization probe to detect the posi-
tive clones. Ten clones (pBAT5, 12, 16, 18, 25, 29, 50, 41,
46, 58) were selected, sequenced and utilized for hybridiza-
tion experiments with the genomic DNA of P. kuhli and
the other bat species.
To determine whether the cloned DNA sequences belong to
the dispersed or tandemly repetitive DNA family, genomic
DNA of P. kuhli was examined by Southern blot hybridization
(Fig. 1). The clone pBAT5 yielded a regular ladder of bands
corresponding to the size of multimers of the basic 1100 bp
unit in EcoRI and HindIII hybridization patterns. This is
indicative of the presence of satellite sequences. A similar lad-
der pattern was conﬁrmed by repeated hybridization experi-
ments using EcoRI or HindIII fragments as probes. This
suggests that the 1110 bp bands independently obtained by
EcoRI and HindIII digestions correspond to the monomer
units of the same repetitive family. This new satellite was
named by us P.k.SAT.3.2. Southern zoo-blotting analysis
To determine whether this new satellite found in P. kuhli
genome is present in phylogenetically related species, the geno-
mic DNAs from two other Vespertilionidae species and three
Pteropodidae species were used in this investigation. In partic-
ular, we have analyzed two species belonging to diﬀerent
genera (P. pipistrellus and M. myotis) of the subfamily Vesper-
tilioninae and three species from the family Pteropodidae
(P. scapulatus, P. poliocephalus and P. alecto). The DNA from
several bat species was independently digested with EcoRI and
HindIII enzymes and probed with the repetitive sequence from
P. kuhli (data not shown). The failed hybridization of pBAT5
suggests that P.k.SAT is probably absent in the genomes of
these species and hence could be exclusive to the P. kuhli gen-
ome. One possible explanation for this species-speciﬁcity is
Fig. 2. Methylation analysis. Lanes A and B represent, respectively,
digestions from sperm and liver DNAs probed to insert pBAT5.
Genomic digests DNAs are: lanes 1 and 5, EcoRI; 2 and 6, EcoRI/
HpaII; 3 and 7, HpaII; 4 and 8, MspI. The lanes m and M contain the
DNA markers III- and VIII-digoxigenin labelled (Roche), respectively.
Fig. 1. Southern blotting analysis of genomic DNA digests from
P.kuhli probed to insert pBAT5. Lanes: M, molecular weight markers
indicated in bp; 1, HindIII; 2, EcoRI; 3, EcoRV; 4, BamHI; 5, HaeIII;
6, MspI.
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from the other Pipistrellus species, at least from P. pipistrellus.
However, it must be noted that there are around 50 Pipistrellus
species with a world-wide distribution (http://animaldiver-
sity.ummz.umich.edu/site/accounts/classiﬁcation/Pipistrellus.
html) and that for Southern analysis only another Pipistrellus
species was investigated.
To our knowledge, the only species-speciﬁc DNA satellite
has been described in the microbat Miniopterus schreibersi
[12]. Given the similar morphological characteristics in P. kuhli
and P. pipistrellus species, P.k.SAT could be employed as a
new molecular taxonomic criterion. It would be easier to use
than chromosome and morphological criteria, in P. kuhli iden-
tiﬁcation.
3.3. Genomic content of P.k.SAT
Dot-blot hybridization analysis showed that the amount of
P.k.SAT is about 5% (data not shown). Thus, because P. kuhli
genome size is 2.30 pg [22] we estimated that the number of
monomer units/haploid genome could be at least 100000 cop-
ies. Our data clearly contradict the proposal of Van Den Bus-
she [11] who suggested that the small C value of the bats
resulted in a lower copy number of interspersed and tandemly
repetitive elements. An interesting view is to consider that the
diﬀerence in copy number of repetitive DNA sequences might
reﬂect a distinct mechanism controlling the amount of repeti-
tive DNA elements in the diﬀerent evolutionary lines of the
bat species. However, more studies about the composition
and evolution of the bat genomes are needed.
3.4. Methylation analysis
Since many satellite DNAs are known to be subjected to
hypermethylation [1], we have investigated the methylation
status in the 5 0-CCGG-3 0 restriction site of P.k.SAT in
DNA samples from sperm and somatic tissue (liver). For this
purpose, the genomic DNA was independently digested withEcoRI enzyme, which deﬁnes the repeat unit, with HpaII/
EcoRI, MspI and HpaII. The MspI and HpaII isoschizomer
enzymes cleave DNA at 5 0-CﬂCGG-3 0 target sequence (arrow
indicates position at which restriction enzymes cut), yet diﬀer
in their methylation sensitivities: HpaII is unable to cleave
5-mC in the CpG dinucleotide. As shown in Fig. 2, only
the HpaII digests showed high molecular weight bands and
a smear of hybridization extending down to the bottom of
the lanes. These results are indicative of an extensive methyl-
ation of the 5 0-CCGG-3 0 target sites within satellite DNA in
both tissues examined. Nevertheless, the diﬀerence of DNA
satellite methylation appears somewhere between premeiotic
germ cells and somatic tissue [23,24]. Although DNA methyl-
ation and heterochromatin are closely associated, the molec-
ular mechanisms by which the methylation is involved in
packaging centromeric heterochromatin are unclear. An
understanding of how the methylation is related to the spe-
ciﬁc nucleosome assembly is provided to the model recently
suggested by Tanaka et al. [25]. The authors proposed that
the CpG methylation of the CENP-B boxes may function
in RNAinterference-dependent heterochromatin formation
by regulating CENP-B binding to the CENP-B box sequence
2522 S. Fantaccione et al. / FEBS Letters 579 (2005) 2519–2527in the a-satellite repeats. In this model, the methylation of the
CENP-B boxes in the a-satellite repeats is epigenetically
maintained, and CENP-B preferentially binds to the unme-
thylated CENP-B boxes, rather than the methylated form.
Evidence to support this model comes from the ﬁnding that
the demethylation of satellite sequences using the DNA meth-
yltransferase inhibitor 5 0-aza-2 0-deoxycytidine resulted in the
redistribution of CENP-B, indicating that the CpG methyla-
tion aﬀects the CENP-B-DNA interaction [26].
3.5. Sequence organization and intraspeciﬁc variability
The sequencing results of the 10 monomer units showed that
their length ranged from 1096 to 1140 bp. Fig. 3 shows the
alignment of the cloned monomer units and the consensus se-
quence, whose length was 1118 bp. Several adenine and/or thy-
mine stretches, as well as subrepeats and palindromic tracts
were found.Fig. 3. Multiple sequence alignments of the consensus sequence with the ten m
indicated by arrows under the consensus sequence, whereas the inverse repet
arrows above the consensus sequence. Several AT-rich runs are underlined b
motifs are double underlined.The search though GenBank for centromere-related se-
quences from the literature showed that all clones (at positions
754–771 bp) are homologous to the mammalian CENP-B box,
which is the binding site of highly conserved protein [27]. As
shown in Fig. 4A, the highest degree of homology (88%) is
found in pBAT5, 12, 16, 18, 25, 29, 50 clones, which conserve
all nine bases of the canonical sequence that is necessary to
bind the CENP-B protein [6]. In contrast, pBAT58 maintained
eight of the nine essential bases (82%), whereas pBAT41 and
pBAT46 preserved seven of the essential nine bases for protein
binding (64%). Interestingly, the comparison of the mamma-
lian CENP-B box with several published sequences showed
that the CENP-B-like box found in P.k.SAT exhibits the high-
est degree of homology (Table 1).
Moreover, the search for the other centromere-related se-
quence also revealed that two homologous regions to CDEIII
centromeric sequence of the yeast S. cerevisiae (at positionsonomer units cloned. The direct repetitions (1:1, 3:3:3, 4:4, 6:6, 8:8) are
itions (2:2 0, 5:5 0, 7:7 0) and the palindromic tracts (M) are indicated by
y a dashed line. CENP-B-like box is underlined and the two CDEIII
Fig. 3 (continued)
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monomer units (Fig. 3). Our understanding of the molecular
requirements of centromere structure and function comes
from the study of functional centromeric sequence of Saccha-
romices cerevisiae. The yeast centromere complex consists of
a 120 bp long DNA monomer unit organized into three
DNA elements: CDEI, CDEII and CDEIII. The CDEIII
binding complex (CBF3) was isolated and shown to contain
at least three major components: Cbf3A (110 kDa), Cbf3B
(64 kDa) and Cbf3C (58 kDa) [28]. In particular, Cbf3B
might be the CEN DNA binding component of the CBF3
complex [29]. To our knowledge, to date no functional homo-
logs of CDEIII binding complex have been identiﬁed in non
yeast species. It has been demonstrated that the mutations in
CDEIII induced by base speciﬁc mutagenesis reduces centro-
meric function; in particular, alterations of cytosines at posi-
tions 14–15 can abolish or dramatically alter the centromeric
function [30]. In this regard, it is interesting that these bases
are conserved in a correct position in the ﬁrst motif CDEIII
(780–805 bp) of P.k.SAT (Fig. 4B). To our knowledge, thehighly repetitive DNA sequences showing regions homolo-
gous to CDEIII have been reported in the Antarctic scallop
Adamussium colbecki [31], in Lacerta graeca [32], in Drosoph-
ila melanogaster [33] and in Rana esculenta [34]. Since the
CDEIII sequences in these DNA arrangements are always
associated with the CENP-B box motifs, it has been hypoth-
esized that the repetitive DNA sequences containing the cen-
tromere motifs might have a role in determining the
centromere function. The investigation of the two elements
in a functional centromere and their evolutionary relation-
ships could be an intriguing subject for future studies.
Comparative analysis showed that the percentage of iden-
tity between 10 satellite monomers ranged between 85% and
98% and the percentage of identity of the diﬀerent monomer
units with the consensus sequence ranged between 87% and
98%. As seen in Fig. 3, most of the nucleotide changes are
found at deﬁned positions shared among several repeats of
P.k.SAT, whereas few mutations are randomly distributed
along the diﬀerent monomers. Such a mutational pattern is
conﬁrmed by the phylogenetic unrooted tree constructed
Fig. 4. (A) Comparison of the motifs CENP-B box found in P.k.SAT
with mammalian CENP-B box. The underlined nucleotides correspond
to the bases considered essential to bind the CENP-B protein in
mammals [27]. The motifs of P.k.SAT are indicated in the reverse
complement sequence. The degree of homology (%) is also shown. (B)
Comparison of the two motifs CDEIII-like of P.k.SAT with yeast
CDEIII. The second motif CDEIII (at positions 880–903 bp) is
indicated in the reverse complement sequence. The two cytosines
considered essential for centromeric functional in yeast [30] are
underlined. The degree of homology (%) is also shown.
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(Fig. 5). There are clearly two speciﬁc monomer clusters sep-
arated by 100% bootstrap. The ﬁrst includes pBAT41 andTable 1
Comparison of published CENP-B boxes with CENP-B box of the bat spec
Source CENP-B box sequence
Homo sapiens CTTCGTTGGAAACGGGAb
Pipistrellus kuhli CTTCGTCTCAAAACGGGA
Pipistrellus pipistrellus AGCTGTTCTAAACGAGT
Lemniscomys barbarus CTTAGTTTTGGAAACTAT
Gerbillus nigeriae TTTCGTTGTAAACGGGT
Adamussium colbecki (pACS7) AATCGGATGTGTCGGGA
Adamussium colbecki (pACS8) GTTCATTCTCTAGTGCA
Adamussium colbecki (pACS8) CCTGTGTAGAAACGCGA
Lacerta graeca (pGPS) GTGGGTTTTAGACTGCA
Lacerta graeca (pGPS) CGACTTTCCAAACGCC
Lacerta graeca (pGPS) CCTTTTTTTAGACCGGA
Messor genus GTTTGCCGAAAACGCAA
Several data were borrowed from [45].
aIdentity percentage versus Homo sapiens CENP-B box [5].
bThe bases considered essential to bind the CENP-B protein in mammals [6
cThe inverse and complementary sequence CENP-B-like box of P.k.SAT ispBAT46, while the second includes the rest of the mono-
mers. In fact, the alignment of the clone pBAT41 and
pBAT46 showed the existence of multiple base changes,
which are present mainly in these two clones (Fig. 3). Fur-
thermore, both clones showed a lower percentage of identity
versus the consensus sequence (87%), whereas for the
remaining clones this percentage was always over 97%.
The presence of speciﬁc mutations in the same position as
several repeats have been described in certain satellite DNAs
in several bat species [12–14]. Many authors consider these
characteristics the result of concerted evolution, which can
act in the several ways in the satellite DNA evolution. In
fact, several mechanisms have been proposed to explain
the ampliﬁcation of some particular monomer variations,
such as unequal crossing-over, gene conversion, sequence
transposition and rolling circle replication [35]. It is possible
that the intra-speciﬁc variation pattern observed in the DNA
satellite of P. kuhli can be due to similar evolutionary mech-
anisms, which can act together or individually during the
process of concerted evolution.3.6. Curvature propensity
Vogt [36] postulated that the role of satellite DNA is pri-
marily in chromatin folding and condensation. Since most
satellite DNA resides in the centromeric heterochromatin,
the curvature of satellite DNA or its potential bendability
have been proposed as the feature responsible for the tight
compacting of heterochromatin [37]. For this reason, we cal-
culated the bendability and (or) curvature-propensity plot
on consensus sequence of P.k.SAT with the consensus scale
(DNAseI + nucleosome positioning data) and we also ana-
lyzed the retarded electrophoretic mobility. Fig. 6A shows
the curvature-propensity plot of P.k.SAT. The model pre-
dicts two maximum curvature peaks near positions 600
and 950 bp, respectively, corresponding to several inverted
repeats/AT-tracts/palindrome organizations of P.k.SAT.
The magnitude of curvature propensity of these regions is
about 8 and 10/helical turn, respectively, values that are
within the range calculated for of experimentally tested
curved motifs [38]. Moreover, the proﬁle contains three
moderate peaks of potential curvature near positions 100,
400 and 850 bp, whose values of curvature propensity areies Pipistrellus kuhli
Homology (%)a Reference
[5]
c 88 This work
53 [14]
G 71 [43]
82 [44]
53 [31]
47 [31]
65 [31]
53 [32]
53 [32]
59 [32]
59 [45]
,27] are bolded.
represented.
Fig. 5. Phylogenetic unrooted tree based on Clustal W sequence alignments showing the ten repetitive units of P.k.SAT. Bootstrap values are based
on the 1000 replicates.
Fig. 6. Curvature analysis of P.k.SAT. (A) Curvature-propensity plot of the consensus sequence of P.k.SAT. (B) Electrophoretic separation on a 6%
non-denaturing polyacrylamide gel. Lanes: 5, EcoRI-digested pBAT5; M, 1 kb DNA ladder (Sigma); 46, EcoRI-digested pBAT46; M1, EcoRI- and
BglI-digested pGEM3-vector. Weight size markers are indicated on the left.
S. Fantaccione et al. / FEBS Letters 579 (2005) 2519–2527 2525about 6/helical turn. On the whole, these three regions cor-
respond to inverted repeats and AT-rich tracts. The benda-
bility and curvature-propensity plot was similar whencalculated with the DNAseI method (data not shown).
The DNA bendings predictive model revealed that the re-
peat unit of P.k.SAT could have curvature, especially the
2526 S. Fantaccione et al. / FEBS Letters 579 (2005) 2519–2527DNA regions with numerous A–T runs and inverted re-
peats. In this regard, we analyzed the mobility of the mono-
mer units of the pBAT5 and pBAT46 clones by native
polyacrylamide gel electrophoresis (Fig. 6B). A marked de-
layed electrophoretic mobility was observed, by comparing
the migration calculated length for both the monomer units
with two diﬀerent vector DNA fragments, which migrated
according to their size. Although the monomer units of
pBAT5 and pBAT46 clones are 1120 and 1096 bp long,
respectively, their observed migration lengths are about 1.3
and 1.35 kb (the K factors are about 1.16 and 1.23, respec-
tively). In according to the data from computational analy-
sis, the monomer units of P.k.SAT displayed a reduced
mobility, indicative of DNA curvature. The correlation be-
tween the DNA curvature and several structural features
as AT-rich runs and subrepeats it has been suggested for
several satellite DNAs [2,39]. For example, a comparative
study of satellite DNAs found in species of the genus Tribo-
lium revealed that all satellites contained a 20–42 block of
about 95% A + T nucleotides, ﬂanked on one side by the
energetically stable inverted repeats [40]; similar structural
features have been detected in the centromeric satellite
DNAs of S. cerevisiae [41]. Although the implications of
DNA curvature in centromere organization are not well
established, many papers emphasize that these particular
DNA structures might play an essential role in the regula-
tion of DNA–protein complexes necessary for the tight
packing of the centromere heterochromatin and conse-
quently be under selective pressure. In this regard, the recent
analysis of Tribulium satellite DNA variability revealed a
non-constant rate of evolution along the satellite sequences,
suggesting a possible selective pressure aﬀecting on speciﬁc
DNA motifs [42]. In this sense, the curvature of P.k.SAT
could be related to the non-random mutational pattern de-
tected in the ten satellite monomers, indicative of evolution-
ary constraints.
In summary, we have attempted to understand whether spe-
ciﬁc properties of P.k.SAT can provide the basis for its func-
tional role. A signiﬁcant sequence arrangement has been
found in P.k.SAT: (i) characteristic subrepeat/palindrome/
AT-tract organizations; (ii) several evolutionary conserved
centromere motifs; (iii) sequence-induced DNA curvature;
(iv) non-random mutational pattern. It seems unlikely that this
arrangement originated without selective pressure and that
P.k.SAT is not related to the centromere function.
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